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BACKGROUND OF THE INVENTION 


Field of the Invention 

The invention relates to a coolable infrared radiator element of quartz glass with at least one 
heating tube, which has a gas-tight current lead-through at each of its two ends. A long, 
stretched-out heating conductor is provided in the heating tube to serve as the radiation source. 
At least one cooling element is provided which has at least one cooling channel for a liquid 
coolant and there is a metallic reflector with at least one reflective surface at least in the area of 
the heating conductor. 

These types of infrared radiator elements are known from DE 2,637,338 C3. An infrared 
radiator element is disclosed here, which has a water-cooled twin tube of quartz glass com- 
prising a heating tube and a cooling tube, where a reflective layer of gold is provided on a sur- 
face of the cooling tube. The reflective layer is applied either to the outside surface of the 
cooling tube or to the surface of the shared wall surface of the heating tube and the cooling 
tube facing away from the heating conductor. The energy concentration allowed for this ra- 
diator is 400 kW/m 2 . 

DD 257,200 Al describes a high-power infrared radiation source, which has a long, 
stretched-out incandescent radiator in an envelope. The envelope is mounted inside a protec- 
tive tube and offset by 3-15% relative to the protective tube in the plane of the radiation emis- 
sion direction. A liquid cooling and filtering medium flows through the protective tube. On 
the surface facing the liquid medium, the envelope has several strips in the form of segments of 
a cylinder to serve as reflective surfaces. In contrast, the protective tube has a reflective layer 


in the approximate form of a half shell on the surface facing away from the liquid medium. To 
achieve maximum radiation output in the forward direction, three cylindrical segments are 
provided as reflective surfaces on the envelope; the distance between two cylinder segments is 
equal to the width of one of the segments, and one cylinder segment is parallel to the reflective 
surface on the protective tube. 

EP 0,163,348 describes an infrared lamp with a coiled tungsten heating conductor in a 
quartz container. The quartz container is filled with a halogen gas to allow the halogen cycle 
to proceed. An infrared light-reflecting coating of gold or rhodium in the form of a half shell 
covers the surface of the quartz glass container, preferably extending over its entire length. 
Gas-tight current lead-throughs are provided in the quartz container in the form of thin pieces 
of molybdenum foil with electrical leads, pinched into the ends of the container. 

DE 2,803,122 C2, finally, discloses a halogen incandescent filament lamp with a bromine 
cycle, where the lamp consists of a glass bulb of quartz glass, a filling gas, and a coiled tung- 
sten filament. A metal bromide, which is introduced into the glass bulb in solid form, decom- 
poses when the lamp is in the operating state; the bromine thus becomes available for the 
known tungsten-halogen cycle. Copper bromide is used here as the metal bromide. 


SUMMARY OF THE INVENTION 


The object of the present invention is to provide an infrared radiation source by means of 
which high energy concentrations of > 500 kW/m 2 can be achieved in conjunction with rela- 
tively minor radiation losses. 

The task is accomplished in that at least one reflective surface, when viewed in cross sec- 
tion, describes a line around a surface, the opening for the passage of at least some of the liq- 
uid coolant being provided in the area of this surface. "Cross section" means here a section 
perpendicular to the longitudinal axis of the heating tube, in which view the reflective surface 
can be seen only as a line. One of these lines should now, in cross section, enclose a surface. 
The line in this case is preferably a line which forms a circle, but other types of lines can also 
be used without difficulty such as lines which form a square, a rectangular, a triangular, an 
elliptical, a crescent-shaped, or other type of regular or irregular surface. Accordingly, at 
least one of the reflective surfaces recognizable in cross section forms a channel for the liquid 
coolant or least for a portion of it. 

With this geometric design, it is possible to build a high-output infrared radiator with low 
radiation losses and energy concentrations of 1 MW/m 2 . The heating tube must be designed 
in this case for a specific output of up to 190 W/cm, for which very high heating conductor 
temperatures in the range of approximately 3,000° K are required. At these high heating con- 
ductor temperatures, however, the stability of the quartz glass heating tube is at risk, while at 
the same time there is also a high probability that the cooling water will overheat or boil and 
thus that the radiator element will break. The stability of the quartz glass heating tube is 
achieved according to the invention by the use of a liquid coolant with a high heal absorption 


capacity, especially water in this case, to cool the tube. At the same time, the design of the 
reflector according to the invention prevents the coolant from heating up too much. Such 
overheating would happen if, for example, the reflective layer were to be provided on the ex- 
ternal surface of a cooling tube, as already known according to the state of the art. 

Now, however, there are different ways in which the special reflective surface can be pro- 
vided. 

For example, the reflector can consist of a layer of metal. The cooling element in this case 
can be a cooling tube with at least one cooling channel directly adjacent to the minimum of one 
heating tube, and at least one cooling channel is lined with the layer of metal. Gold coating on 
the inside surface of the cooling tube is preferably used here as the metal layer. 

The reflector, however, can also consist of a thin-walled metal part. In this case, the 
cooling element consists of a cooling tube with at least one cooling channel directly adjacent to 
the minimum of one heating tube, and the cooling channel is lined with the metal part. The 
metal part can consist of a piece of foil or sheet metal. Foil, however, is more flexible and can 
be fitted more precisely to the internal dimensions of the cooling tube. 

It is also possible for the reflector to consist of a thin-walled metal part, for the cooling 
element to be a cooling tube enclosing at least one heating tube, and for the thin- walled metal 
part to be mounted inside the cooling tube. A self-supporting reflector with a hollow structure 
can be preferably installed in the cooling tube, but also a combination of reflective layers on 
the cooling and/or heating tubes and a metal part can also be used. 

A special embodiment involves a radiator in which the cooling element is designed as a 
metallic reflector. This means that a single component provides both the cooling property and 
the reflective property. As a result of the radiation impermeability of the reflector, this com- 


ponent should not enclose more than 50% of the circumference of the outer wall of the mini- 
mum of one heating tube. The reflector can have at least two cooling channels to transport the 
coolant. 

It has been found effective for the heating conductor to be made of tungsten and for the 
heating tube to be filled with an inert gas doped with a halogen. Because a great deal of tung- 
sten vaporizes at the high temperatures of a heating conductor, it must be doped with a halo- 
gen, preferably with ammonium bromide or copper bromide, so that a halogen cycle will go 
into effect. To prevent the ammonium bromide or copper bromide from condensing in the area 
of the electrical lead-throughs, an electrical connecting lead is provided between the heating 
conductor and the gas-tight current lead-throughs. The diameter of the connecting lead is se- 
lected so that the connecting lead heats to a temperature of 600-800°C at a rated current as a 
result of its electrical resistance. 

A heating conductor in the form of a carbon ribbon can also be used in place of a tungsten 
heating conductor. In this case, the heating tube is either filled with a noble gas or evacuated. 
The carbon ribbon can be stretched by a spring or coiled. 

Especially preferred is an infrared radiator element which has a first and a second heating 
tube, where some of the wall surface of the first heating tube serves simultaneously as a wall 
surface of the second heating tube. 

So that specially shaped parts or spaces can be heated up or kept heated with the infrared 
radiator element, the heating tube and the cooling element can be curved. 

As a result of this curvature, the two gas-tight lead-throughs of the heating tube can point 
in the same direction and be set up parallel to each other. As a result, it is possible, for exam- 
ple, for the electrical connections for the infrared radiator element to be located on only one 


side of the furnace space. To ensure the stability of the quartz glass heating tube, the heating 
tube is also designed preferably with an inside diameter of 10-17 mm. In this regard, the ratio 
of the coil diameter of the coiled heating conductor to the inside diameter of the heating tube 
should be at least 1:3. 

The various features of novelty which characterize the invention are pointed out with 
particularity in the claims annexed to and forming a part of the disclosure. For a better 
understanding of the invention, its operating advantages, and specific objects attained by its use, 
reference should be had to the drawing and descriptive matter in which there are illustrated and 
described preferred embodiments of the invention. 


BRIEF DESCRIPTION OF THE DRAWINGS 


Figure 1 shows an infrared radiator element with a heating tube, a cooling tube, and a 
coiled tungsten filament as the heating conductor; 

Figure la shows a cross section through the infrared radiator element of Figure 1 with 
gold plating on the inside of the cooling tube; 

Figure lb shows a cross section through the infrared radiator element of Figure 1 with 
reflective metal foil lining the cooling tube; 

Figure lc shows a cross section through the infrared radiator element of Figure 1 with 
reflective sheet metal lining the cooling tube; 

Figure 2 shows an infrared radiator element with a heating tube, a cooling tube, and a 
heating conductor designed as a carbon ribbon; 

Figure 2a shows a side view of the infrared radiator element of Figure 2; 

Figure 3a shows a cross section of an infrared radiator element with two heating tubes, 
two cooling channels , and carbon ribbons as heating conductors; 


Figure 3b shows a cross section of an infrared radiator element with two heating tubes, 
two cooling channels, and a coiled tungsten filament as a heating conductor; 

Figure 4a shows a cross section of an infrared radiator element with a heating tube, two 
cooling channels, and a coiled tungsten filament as a heating conductor; 

Figure 4b shows a cross section of an infrared radiator element with a heating tube, two 
cooling channels, and a carbon ribbon as a heating conductor; 

Figure 5a shows a cross section of an infrared radiator with two heating tubes inside a 
cooling tube and coiled tungsten filaments as heating conductors; 

Figure 5b shows a side view of the infrared radiator element of Figure 5a; 

Figure 6a shows a side view of an infrared radiator element with two heating tubes inside 
a cooling tube; 

Figure 6b shows a cross section of the infrared radiator element of Figure 6a; 
Figure 6c shows another side view of the infrared radiator element of Figure 6a; and 
Figure 7 shows an infrared radiator with curved heating and cooling tubes. 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Figure 1 shows an infrared radiator element / with a heating tube 2 and a cooling tube 3 of 
quartz glass. A long, stretched-out electrical heating conductor 4, which is positioned by 
means of spacers 4c, usually made of tungsten, is provided in the heating tube 2. In this case, 
the heating conductor 4 is made of tungsten, made into a coil, and the heating tube 2 is filled 
with an inert gas, doped with halogen. Argon has been selected here as the inert gas, which 
contains ammonium bromide for the halogen doping. Electrical connecting leads 6a, 6b are 
m provided between the heating conductor 4 and the gas-tight current lead-throughs 5a, 5b in the 
# ends of the heating tube 2. The diameter of the connecting leads 6a, 6b is calculated so that 

1st 

01 each connecting lead 6a, 6b heats up to a temperature of 600-800°C at a rated output as a re- 

vi I 

ft suit of electrical resistance. The gas-tight current lead-throughs 5a, 5b are formed by pinching 

CI and/or fusing the quartz glass at both ends of the heating tube 2. In this case a method suffi- 

i 

ciently well known to those skilled in the art is used to seal a piece of thin molybdenum foil 
;*f 7a, 7b into the glass. The cooling tube 3 has a cooling channel, which is coated with a metal- 
lie reflector 8. The reflector 8 can be formed by a thin layer of gold plating on the inside of 
the cooling tube 3 (see Figure la) or by a piece of nonoxidizing metal foil with a reflective sur- 
face such as a piece of gold foil, with which the cooling channel is lined (see Figures lb and 
lc). Connectors 9a, 9b are provided on the cooling tube for connecting the cooling tube 3 to a 
coolant line. Water is provided as the liquid coolant. 

Figure la shows a cross section A-A' through the infrared radiator element according to 
Figure 1 with the heating tube 2 and the cooling tube J, which has a cooling channel 3a for the 
liquid coolant. In the heating tube 2, the heating conductor 4 is shown in the form of a spiral, 
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which is positioned by means of spacers 4c. The cooling tube 3 has a reflector 8a in the form 
of a layer of gold plating on the inside. 

Figure lb shows a cross section A- A' through the infrared radiator element according to 
Figure 1 with the heating tube 2 and the cooling tube 3, which has a cooling channel 3a for the 
liquid coolant. In the heating tube 2, the heating conductor 4 is shown in the form of a spiral, 
which is positioned by means of spacers 4c. The cooling tube 3 has a reflector 8b in the form 
of nonoxidizing metal foil with a reflective surface, such as a piece of gold foil, which is in 
direct contact with the cooling tube 3. 

Figure lc shows a cross section A- A' through the infrared radiator element according to 
Figure 1 with the heating tube 2 and the cooling tube 3, which has a cooling channel 3a for the 
liquid coolant. In the heating tube 2, the heating conductor 4 is shown in the form of a spiral, 
which is positioned by means of spacers 4c. The cooling tube 3 has a reflector 8c in the form 
of nonoxidizing sheet metal with a reflective surface, such as a sheet of gold, which is inserted 
inside the cooling channel 3a of the cooling tube J. 

Figure 2 shows an infrared radiator element 1 similar to that of Figure 1 with a heating 
tube 2 and a cooling tube 3 of quartz glass. In the heating tube 2 there is a long, stretched-out 
electrical heating conductor 4, which is held under tension by a spring 10. The heating con- 
ductor 4 is designed here as a carbon ribbon, and the heating tube 2 is thus evacuated. The 
gas-tight current lead-throughs 5a, 5b are designed as in Figure 1. The cooling tube 3 has a 
cooling channel, which is covered by a metallic reflector 8. The reflector 8 can be formed ei- 
ther by a thin layer of gold plating on the inside of the cooling tube 5 (see Figure la), by non- 
oxidizing sheet metal with a reflective surface, such as gold sheet, or by metal foil with a re- 
flective surface, such as gold foil, with which the cooling channel is lined (see Figures lb and 
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lc). Connectors 9a, 9b are provided on the cooling tube 3 to connect the cooling tube 3 to a 
coolant line. Water is provided as the liquid coolant. 

Figure 3a shows an infrared radiator element 1 in cross section with two quartz glass heat- 
ing tubes 2a, 2b, in each of which a heating conductor 4a, 4b consisting of a carbon ribbon is 
provided. A metallic reflector 8 is attached in a form-locking manner to one side of each of 
the two heating tubes 2a, 2b. In this case, the reflector serves the function not only of a re- 
flector but also of a cooling element at the same time. The reflector 8 has two cooling chan- 
nels 3a, 3b for the liquid coolant. 

Figure 3b shows an infrared radiator element 1 in cross section with two quartz glass heat- 
ing tubes 2a, 2b, in each of which a heating conductor 4a, 4b in the form of a coiled tungsten 
filament is provided. A metallic reflector 8 is attached in a form-locking manner to one side of 
each of the two heating tubes 2a, 2b. In this case, the reflector serves the function not only of 
a reflector but also of a cooling element at the same time. The reflector 8 has two cooling 
channels 3a, 3b for the liquid coolant. 

Figure 4a shows an infrared radiator element 1 in cross section with a quartz glass heating 
tube 2, in which a heating conductor 4 in the form of a coiled tungsten filament is provided. A 
metallic reflector 8 is attached in a form-locking manner to one side of the heating tube 2. In 
this case the reflector serves the function not only of a reflector but also of a cooling element. 
The reflector 8 has two cooling channels 3a, 3b for the liquid coolant. 

Figure 4b shows an infrared radiator element 1 in cross section with a heating tube 2 of 
quartz glass, in which a heating conductor 4 in the form of a carbon ribbon is provided. A 
metallic reflector 8 is attached in a form-locking manner to one side of the heating tube 2. In 
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this case the reflector serves the function not only of a reflector but also of a cooling element at 
the same time. The reflector 8 has two cooling channels 3a, 3b for the liquid coolant. 

Figure 5a shows an infrared radiator element 1 in cross section B-B f of Figure 5b with two 
heating tubes enclosing coiled tungsten filaments inside a quartz glass cooling tube 3. The 
cooling tube 3 has a cooling channel 3a, inside which the heating tubes are arranged, and 
around which therefore a liquid coolant can flow. A metallic reflector 8 is arranged in the 
cooling channel 3a on one side of the heating tubes, which reflector 8 has a hollow, crescent- 
shaped cross section and through which therefore a coolant can flow. Connectors 9a (and 9b, 
see Figure 5b) are provided to connect the cooling tube 3 to a coolant line. 

Figure 5b shows the infrared radiator element 1 of Figure 5a in a side view, in which the 
reflector 8 cannot be seen. The heating tubes 2a, 2b, however, and the coiled tungsten fila- 
ments 4a, 4b are clearly shown. Between the heating conductors 4a, 4b and the gas-tight cur- 
rent lead-throughs 5a, 5b in the ends of the heating tubes 2a, 2b, electrical connecting leads 
6a; 6b; 6c; 6d are provided, the diameter of these connecting leads 6a; 6b; 6c; 6d being se- 
lected in each case so that each connecting lead 6a; 6b; 6c; 6d heats up to a temperature of 
600-800°C at a rated output as a result of electrical resistance. The gas-tight current lead- 
throughs 5a, 5b are formed by pinching and/or fusing the quartz glass at the two ends of the 
heating tubes 2a, 2b. The cooling tube 3 surrounds the two heating tubes 2a, 2b and can be 
connected by connectors 9a, 9b to a coolant line for the coolant. 

Figure 6a shows an infrared radiator element 1 with two heating tubes 2a, 2b inside a 
quartz glass cooling tube 3, which has two connectors 9a, 9b for the liquid coolant. A heating 
conductor 4a, 4b in the form of a carbon ribbon is provided in each of the two heating tubes 


2a, 2b, which ribbons are held under tension by springs 10a, 10b. In addition, the heating 
tubes 2a, 2b have gas-tight current lead-throughs leads 5a, 5b. 

Figure 6b shows the infrared radiator element of Figure 6a in a cross section C-C\ where 
the reflector 8 with its hollow, crescent-shaped form can be seen in the cooling channel 3a. Of 
course, the reflector 8 can also be designed in some other way; for example, it could be fitted 
in a form-locking manner to the heating tubes 2a, 2b and to the cooling tube 3. 

Figure 6c shows a longitudinal cross section through the infrared radiator element 1 of Fig- 
ure 6a. The cooling tube 3 and one of the heating tubes 2a situated therein can be seen. The 
heating conductor 4a in the form of a carbon ribbon, which is held under tension by a spring 
10a, is located in the heating tube 2a. In addition, the gas-tight current lead-throughs 5a, 5b 
can also be seen. The reflector does not appear in this figure. 

Figure 7 shows an infrared radiator element 1 with a curved heating tube 2 and a curved 
cooling tube 3. The two gas-tight current lead-throughs 5a, 5b of the heating tube 2 point in 
the same direction and are parallel to each other. To increase the mechanical strength of the 
arrangement, the current lead-throughs 5a, 5b can be fused together. A heating conductor 4 in 
the form of a coiled tungsten filament is installed in the heating tube 2, whereas the cooling 
channel 3a of the cooling tube 3 is surrounded by a reflector 8 in the form of internal gold 
plating. Connectors 9a, 9b are provided to connect the cooling tube 3 to a coolant line. 

Thus, while there have been shown and described and pointed out fundamental novel fea- 
tures of the present invention as applied to a preferred embodiment thereof, it will be understood 
that various omissions and substitutions and changes in the form and details of the devices illus- 
trated, and in their operation, may be made by those skilled in the art without departing from the 
spirit of the present invention. For example, it is expressly intended that all combinations of those 


elements and/or method steps which perform substantially the same function in substantially the 
same way to achieve the same results are within the scope of the invention. Substitutions of ele- 
ments from one described embodiment to another are also fully intended and contemplated. It is 
also to be understood that the drawings are not necessarily drawn to scale but that they are merely 
conceptual in nature. It is the intention, therefore, to be limited only as indicated by the scope of 
the claims appended hereto. 
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